To probe manifestations of multiband superconductivity in oxypnictides, we measured the angular dependence of magnetic torque τ (θ) in the mixed state of SmO0.8F0.2FeAs single crystals as functions of temperature T and high magnetic field H up to 30 T. We show that the effective mass anisotropy parameter γ extracted from τ (θ), can be greatly overestimated if the strong paramagnetism of Sm or Fe ions is not properly taken into account. The correctly extracted γ depends on both T and H, saturating at γ ≃ 9 at lower temperatures. Neither the London penetration depth nor the superfluid density is affected by high fields fields up to the upper critical field. Our results indicate two strongly-coupled superconducting gaps of nearly equal magnitudes. The comparatively high T c values and extremely high upper critical fields H c2 of the oxypnictides [10, 12] indicate promising prospects for technological applications if, unlike the layered cuprates, a sizeable vortex liquid region responsible for dissipative flux flow does not dominate their temperature-magnetic field (T − H) phase diagram. It is therefore important to reveal the true behavior of the anisotropic magnetization in the vortex state of the oxypnictides, particularly the extent to which vortex properties are affected by strong magnetic correlations, multiband effects and possible interband phase shift between the order parameters on different pieces of the Fermi surface [5] . For instance, multiband effects in MgB 2 can manifest themselves in strong temperature and field dependencies for the mass anisotropy parameter γ(T, H) and the London penetration depth λ(T, H) even at H ≪ H c2 [13, 14] . Yet, there are significant differences between two-band superconductivity in MgB 2 and in oxypnictides: in MgB 2 the interband coupling is weak, while in the oxypnictides it is the strong interband coupling which is expected to result in the high T c [5] . Thus, probing multiband superconductivity in oxypnictides by magnetization measurements requires high magnetic fields, which can suppress the superfluid density in the band with the largest coherence length above the "virtual upper critical field" (H v ) at which the vortex cores in this band overlap. In this Letter we address these issues, presenting the first high-field torque measurements of anisotropic reversible magnetization of the vortex lattice in SmO 0.8 F 0.2 FeAs single crystals. Our measurements of γ(T, H) up to 30T and extended temperature range, 20 < T < 40 K have revealed a different behavior of γ(T, H) as compared to recent low-field torque measurements [11] .
The comparatively high T c values and extremely high upper critical fields H c2 of the oxypnictides [10, 12] indicate promising prospects for technological applications if, unlike the layered cuprates, a sizeable vortex liquid region responsible for dissipative flux flow does not dominate their temperature-magnetic field (T − H) phase diagram. It is therefore important to reveal the true behavior of the anisotropic magnetization in the vortex state of the oxypnictides, particularly the extent to which vortex properties are affected by strong magnetic correlations, multiband effects and possible interband phase shift between the order parameters on different pieces of the Fermi surface [5] . For instance, multiband effects in MgB 2 can manifest themselves in strong temperature and field dependencies for the mass anisotropy parameter γ(T, H) and the London penetration depth λ(T, H) even at H ≪ H c2 [13, 14] . Yet, there are significant differences between two-band superconductivity in MgB 2 and in oxypnictides: in MgB 2 the interband coupling is weak, while in the oxypnictides it is the strong interband coupling which is expected to result in the high T c [5] . Thus, probing multiband superconductivity in oxypnictides by magnetization measurements requires high magnetic fields, which can suppress the superfluid density in the band with the largest coherence length above the "virtual upper critical field" (H v ) at which the vortex cores in this band overlap. In this Letter we address these issues, presenting the first high-field torque measurements of anisotropic reversible magnetization of the vortex lattice in SmO 0.8 F 0.2 FeAs single crystals. Our measurements of γ(T, H) up to 30T and extended temperature range, 20 < T < 40 K have revealed a different behavior of γ(T, H) as compared to recent low-field torque measurements [11] .
Measurements of anisotropic equilibrium magnetization m(T, H) in SmO 0.8 F 0.2 FeAs are complicated by the smallness of m(H, T ) caused by the large GinzburgLandau parameter, κ = λ/ξ > 100 and by the strong paramagnetism of Sm 3+ ions, which can mask the true behavior of m(T, H). In this situation torque magnetometry is the most sensitive technique to measure the fundamental anisotropy parameters of m(T, H) in small single crystals. The torque τ = m × H acting upon a uniaxial superconductor is given by
where V is the sample volume, φ 0 is the flux quantum, H ab c2 is the upper critical field along the ab planes, η ∼ 1 accounts for the structure of the vortex core, θ is the angle between H and the c-axis, ε(θ) = (sin 2 θ + γ 2 cos 2 θ) 1/2 and γ = λ c /λ ab is the ratio of the London penetration depths along the c-axis and the ab-plane. The first term in Eq. (1) was derived by Kogan in the London approximation valid at H c1 ≪ H ≪ H c2 [15] . The last term in Eq. (1) describes the torque due to paramagnetism of the SmO layers and possible intrinsic magnetism of the FeAs layers. Here τ m = (χ c − χ a )V H 2 /2 and χ c and χ a are the normal state magnetic susceptibilities of a uniaxial crystal along the c-axis and ab plane, respectively. As will be shown below, the paramagnetic term in Eq. (1) in SmO 0.8 F 0.2 FeAs can be larger than the superconducting torque, which makes extraction of the equilibrium vortex magnetization rather nontrivial. In this Letter we develop a method, which enables us to resolve this problem and measure the true angular dependence of the superconducting torque as a function of both field and temperature, probing the concomitant behavior of γ(T, H) and λ ab (T, H) and manifestations of multiband effects in SmO 0.8 F 0.2 FeAs single crystals. Underdoped single crystals of SmO 1−x F x FeAs having typical sizes, 100 × 100 × 10 µm 3 and T c ≃ 45K were grown by the flux method described in Ref. [16] . The sample was attached to the tip of a piezo-resistive microcantilever placed into a rotator inserted into a vacuum can. The ensemble was placed into a 4 He cryostat coupled to a resistive 35 T dc magnet of the National High Magnetic Field Lab. Changes in the resistance of the micro-cantilever associated with its deflection and thus a finite magnetic torque τ was measured via a Wheatstone resistance bridge. 1 (a) shows typical angular dependence of τ (θ) at 27 K and 3 T. Since we are only interested in temperature and field dependencies of γ and λ, the torque data are provided in arbitrary units. A hysteresis, resulting from the irreversible magnetization is observed between increasing and decreasing angle sweeps. Black markers depict the average value of both traces, τ av (θ) = (τ ↑ (θ) + τ ↓ (θ))/2 defined as an equilibrium magnetization, where the arrows indicate increasing or decreasing angle sweeps. The red line is a fit to the first term in Eq. (1) with γ ≈ 11.5 a value that is ≃ 25% smaller than the value reported in Ref. [11] . However, this multiparameter fit is not very suitable for extraction of the true values of γ due to pronounced error bars for H ab c2 and a significant paramagnetic component particularly at 30T. The complete set of the raw τ av (θ) data is shown in Figs. 
(a) and (b).
The superconducting component of the torque can be unambiguously extracted from the data by fitting the sum of two measured curves τ av (θ) + τ av (θ + 90
• ), in which the paramagnetic component cancels out: (1) with the parameters taken from Fig. 3 (a) .
. This procedure is illustrated by Fig. 3 (a) where τ av (θ) for 3T and 30K is plotted together with τ av (θ + 90
• ). Black markers depict the sum of both traces which is entirely determined by the superconducting response. Red line corresponds to a fit to Eq. (2), where ηH
) shown in the inset of Fig. 4 was extracted from the onset of the resistive transition in polycrystalline SmO 0.8 F 0.2 FeAs with T c ≃ 47K [12] . The onset of the resistive transition reflects the behavior of those crystallites having the field along the ab-plane thus H ab c2 (T ). Given the lack of high-field H c2 (T ) data for our single crystals, the use of the measured value H ab c2 for polycrystals eliminates the ambiguities of the multiparameter fit if H c2 in Eq. (2) is treated as one more fit parameter. Using the superconducting parameters obtained by this method in Eq.
(1) we then fit the original τ av (θ) (red line in Fig. 3  (b) ), treating τ m as the only adjustable parameter. This method does result in an excellent fit, allowing us to extract both the superconducting torque and the paramagnetic torque associated with Sm or Fe moments. It also gives smaller values for γ(T ) than the ones obtained by direct fitting τ av (θ) uniquely to the first term of Eq. (1). As shown in Figs. 4 and 5 (a) , the so-obtained γ is not only temperature dependent [11] but it is also field dependent, decreasing by more than 20 % at 30 T.
The obtained temperature dependence of γ(T, H) is reminiscent of the behavior of γ(T, H) previously re- ported for MgB 2 which was explained in terms of multiband effects [13, 14] . Yet the extracted London penetration depth shown in Fig. 5 (a) does not exhibit a significant field dependence which would indicate an abrupt depression of the superfluid density in one of the bands above H v (produced by the suppression of the respective superconducting gap). This is quite remarkable given that we measured λ(T, H) up to the applicability limit of the London theory, i.e. ηH • ) at T = 27 K to Eq. (2). Here, C is a calibration dependent constant for our cantilever. Black markers depict the field dependence of respectively the magnetic (open squares) and superconducting (solid squares) components. For clarity the data was multiplied by a factor of two. Red line corresponds to a T 2 fit and the magenta line to a T 3 dependence. (b) Amplitudes of superconducting (circles) and magnetic (triangles) components of τav(θ), at H = 3 T (blue markers) and 30 T (red markers).
